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Abstract

Background: Smoking cessation reduces lung cancer mortality. However, little is known about whether diagnosis of lung
cancer impacts changes in smoking behaviors. Furthermore, the effects of smoking cessation on the risk of second primary
lung cancer (SPLC) have not been established yet. This study aims to examine smoking behavior changes after initial primary
lung cancer (IPLC) diagnosis and estimate the effect of smoking cessation on SPLC risk following IPLC diagnosis. Methods:
The study cohort consisted of 986 participants in the Multiethnic Cohort Study who were free of lung cancer and active
smokers at baseline (1993-1996), provided 10-year follow-up smoking data (2003-2008), and were diagnosed with IPLC in 1993-
2017. The primary outcome was a change in smoking status from “current” at baseline to “former” at 10-year follow-up
(ie, smoking cessation), analyzed using logistic regression. The second outcome was SPLC incidence after smoking cessation,
estimated using cause-specific Cox regression. All statistical tests were 2-sided. Results: Among 986 current smokers at
baseline, 51.1% reported smoking cessation at 10-year follow-up. The smoking cessation rate was statistically significantly
higher (80.6%) for those diagnosed with IPLC between baseline and 10-year follow-up vs those without IPLC diagnosis (45.4%)
during the 10-year period (adjusted odds ratio ¼ 5.12, 95% confidence interval [CI] ¼ 3.38 to 7.98; P< .001). Incidence of SPLC
was statistically significantly lower among the 504 participants who reported smoking cessation at follow-up compared with
those without smoking cessation (adjusted hazard ratio ¼ 0.31, 95% CI ¼ 0.14 to 0.67; P¼ .003). Conclusion: Lung cancer
diagnosis has a statistically significant impact on smoking cessation. Quitting smoking after IPLC diagnosis may reduce the
risk of developing a subsequent malignancy in the lungs.

Lung cancer is the second most common cancer and the leading
cause of cancer death in the United States (1). Past research has
found smoking to be the strongest risk factor for lung cancer, in-
creasing the disease incidence up to 20 times (2,3). Smoking ces-
sation has been shown to reduce the risk of lung cancer
incidence and mortality (4-6). A large prospective cohort study
reported a 50%-80% reduction of lung cancer risk among indi-
viduals who had either recently quit smoking or were stable for-
mer smokers (7), and another historical cohort study reported a
substantially reduced lung cancer-specific mortality after

smoking cessation, with greater survival benefits associated
with an earlier age at cessation (8).

Several studies have examined the impact of smoking cessa-
tion on lung cancer incidence and mortality (4-9), however, little
is known about whether lung cancer diagnosis is associated
with changes in smoking behavior. For example, it is unknown
whether lung cancer diagnosis potentially leads to smoking ces-
sation among active smokers. Prior studies on smoking cessa-
tion among lung cancer patients were primarily based on
smoking data measured cross-sectionally, with few studies fully
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incorporating individual-level longitudinal changes in smoking
data to assess smoking cessation and its impact on health out-
comes (10,11).

With advances in early detection and therapeutic techni-
ques for lung cancer, the number of lung cancer survivors is
rapidly increasing (12). It has been shown that the risk of devel-
oping second primary lung cancer (SPLC) among lung cancer
survivors is 5-6 times higher than the risk of a person in the
general population developing initial primary lung cancer (IPLC)
(13,14). However, despite the well-established role of smoking
on IPLC risk, the impact of smoking on the subsequent risk of
SPLC has remained controversial until recently; prior literature
reported inconsistent results (15,16) in part due to heteroge-
neous smoking exposure measures examined across different
studies, low statistical power from small sample sizes in single
institution–based studies, and a lack of appropriate statistical
methods. Recently, we reported statistically significant associa-
tions between SPLC risk and smoking pack-years and smoking
intensity (as measured by cigarettes per day) among IPLC cases
(17). A preliminary analysis was conducted by our group to eval-
uate the association between smoking cessation and SPLC risk,
however, it was based on a small subset of data (n< 200), and a
more comprehensive analysis using larger data is warranted to
robustly capture the effect of smoking cessation on SPLC risk.

In this study, we aimed to examine smoking behavioral
changes after IPLC diagnosis using a large, prospective,
population-based multi-ethnic cohort with a long follow-up
time. We aimed to evaluate the factors associated with smoking
cessation among active smokers, which include time of IPLC di-
agnosis, race and ethnicity, family history of lung cancer, and
body mass index (BMI). Additionally, we examined the impact
of smoking cessation on SPLC risk by estimating the cumulative
incidence of SPLC based on smoking cessation status.

Methods

Participants, Study Design, and Outcomes

The Multiethnic Cohort (MEC) is a prospective, population-
based cohort that follows 215 251 participants aged 45 to
75 years at enrollment (1993-1996) from 5 main racial and ethnic
groups (18). Baseline epidemiologic data including sociodemo-
graphic and lifestyle factors and medical histories were col-
lected through a self-reported questionnaire at enrollment.
Smoking-related variables were assessed longitudinally at base-
line (1993-1996) and at 10-year follow-up (2003-2008).

We defined our study cohort (n¼ 986) as the MEC partici-
pants who were free of lung cancer and active smokers at base-
line, had provided updated smoking information at 10-year
follow-up, and were diagnosed with IPLC sometime between
1993 and 2017 (see Figure 1).

The primary outcome of this study was smoking cessation,
as defined by a change in smoking status from “current” at
baseline to “former” at the 10-year follow-up survey. To evalu-
ate the impact of IPLC diagnosis on this outcome, we assessed
the association between smoking cessation and IPLC diagnoses
that had specifically occurred between baseline and 10-year
follow-up. The secondary outcome was the incidence of SPLC,
as followed from the time of IPLC diagnosis (mean 10.9 [SD ¼
1.33] years). SPLC was defined using the well-established
Martini and Melamed criteria (19). Information on IPLC and
SPLC diagnosis was obtained via Surveillance, Epidemiology,
and End Results (SEER) registries and collected through 2017.

Statistical Analysis

For the primary outcome, we used multivariable logistic regres-
sion to evaluate the association between smoking cessation and
IPLC diagnosis that occurred between baseline enrollment and
10-year follow-up. The covariates for the multivariable logistic
regression model were selected using a set of univariable logis-
tic models (P< .05) that evaluated the association between
smoking cessation and an individual demographic or clinical
variable.

For the secondary outcome, we evaluated the association be-
tween smoking cessation and SPLC risk by applying cause-
specific Cox proportional hazards regression (n¼ 982), with
death from all causes as the competing risk (20). Out of the pri-
mary cohort (n¼ 986), 4 participants were diagnosed with SPLC
before 10-year follow-up and were excluded to accurately mea-
sure the effect of smoking cessation on SPLC risk. This analysis
aimed to evaluate whether smoking cessation is associated
with a reduced risk of SPLC, regardless of when smoking cessa-
tion occurred (ie, before or after IPLC diagnosis). The cause-
specific Cox regression was adjusted for age at initial diagnosis
and stage of IPLC based on prior literature (13).

In addition, we conducted a restricted analysis that evalu-
ated the association between SPLC risk and smoking cessation
that occurred after IPLC diagnosis by limiting the cohort to
those who had IPLC diagnosed before 10-year follow-up
(n¼ 156). By doing so, we aimed to examine whether smoking
cessation that specifically occurred after IPLC diagnosis was as-
sociated with a decreased risk of SPLC. The cause-specific Cox
model was refitted based on this restricted cohort and was ad-
justed for age at initial diagnosis and IPLC stage derived from
the SEER summary stage.

The cumulative risk of SPLC was estimated using the Aalen-
Johansen estimator to account for the competing risk of death
among participants at risk at a specific time point. All statistical
analyses were conducted using R version 3.6.0. Cause-specific
Cox regression was done using the riskRegression package (TA
Gerds, University of Copenhagen), and cumulative incidence
plots were created using the prodlim package (TA Gerds,
University of Copenhagen). The 2-sided Wald test was used to
assess for statistical significance, with P values less than .05 be-
ing considered statistically significant.

Missing Data

The prevalence of missing data for all variables included in our
study was low (0%-2%), with the exception of IPLC stage (4.9%)
(Supplementary Table 1, available online). The IPLC stage vari-
able was derived from the SEER summary stage, categorized by
early for localized and regional and advanced for distant stage.
We examined the missing data mechanism for IPLC stage and
determined that it was not missing completely at random based
on descriptive analysis stratified by missing status of IPLC stage
(Supplementary Table 2, available online) (21). Given that IPLC
stage was not self-reported but was linked through the SEER
registry, selective nonresponse (missing not at random) is also
unlikely. Therefore, we performed multiple imputation by chain
equations (21,22) in our primary analysis to impute missing
data 10 times using all the patient characteristics. We applied
Rubin rules to obtain the pooled estimates of regression analy-
ses from multiple imputed datasets (23). Additionally, we con-
ducted a complete-case analysis for the secondary outcome
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using individuals with complete data for all variables included
in our study (n¼ 934).

Sensitivity Analysis

Sensitivity analyses were performed to assess the robustness of
the association between IPLC diagnosis and smoking cessation.
We evaluated the association in different subgroups defined by
smoking pack-years (<30 pack-years vs �30 pack-years) and age
at baseline (younger than 60, 60-69, older than 69 years) and un-
der a different set of covariates selected using a more stringent
threshold defined by Bonferroni criteria (P< .005) from the uni-
variable logistic analysis.

Given that the exact timing of smoking cessation was not
available for those who reported smoking cessation at follow-up
in the MEC, we assumed that patients who were diagnosed with
IPLC between baseline and 10-year follow-up and had quit smok-
ing during this time frame did so following their IPLC diagnosis;
thus, some misclassification may have occurred with regards to
the chronological sequence of smoking cessation and IPLC diag-
nosis. Therefore, we conducted a sensitivity analysis by limiting
the patients who were diagnosed with IPLC between baseline and
10-year follow-up in the primary cohort to only those who were
diagnosed within 5 years from baseline, which may help increase
the likelihood of smoking cessation occurring after IPLC diagnosis.

Results

Participant Characteristics

The primary cohort was comprised of 23.9% Whites, 23.4%
African Americans, 23.5% Japanese Americans, 13.9% Latinos,
and 11.9% Native Hawaiians (Table 1). The 986 participants in
the primary cohort had a mean (SD) of 31.5 (16.2) pack-years
and a mean of 17.9 (7.8) cigarettes per day at baseline. Of 986

individuals, 160 (16.4%) were diagnosed with IPLC between base-
line and 10-year follow-up, and the remaining 826 (83.6%) indi-
viduals developed IPLC after 10-year follow-up through 2017.

Smoking Cessation and Initial Primary Lung Cancer
Diagnosis

Among the 986 participants who were active smokers at baseline,
504 (51.1%) participants reported having quit smoking at 10-year
follow-up, and 482 (48.9%) participants remained active smokers.
Notably, those who were diagnosed with IPLC between baseline
and 10-year follow-up had a higher smoking cessation rate
(80.6%) at follow-up vs those who were not diagnosed with IPLC
between baseline and 10-year follow-up (45.4%) (Table 1). In addi-
tion, compared with the participants who remained active smok-
ers, those who reported smoking cessation at follow-up tended
to be older at baseline (60.29 vs 58.76 years), had a lower mean
smoking pack-years (28.98 vs 34.15 pack-years) and smoking in-
tensity (16.61 vs 19.18 cigarettes per day) measured at baseline,
had a lower mean BMI (25.09 vs 26.25 kg/m2), and a higher pro-
portion of family history of lung cancer (63.0% vs 37.0%) (Table 1).

Table 2 presents the results of the multivariable logistic
analysis to evaluate the association between smoking cessation
and IPLC diagnosis during the 10-year follow-up period, adjust-
ing for factors that were selected by univariable logistic regres-
sion analysis (P< .05; Supplementary Table 3, available online).
The results show that those who were diagnosed with IPLC be-
tween baseline and 10-year follow-up questionnaire were more
likely to have quit smoking (adjusted odds ratio [aOR] ¼ 5.12,
95% confidence interval [CI] ¼ 3.38 to 7.98; P< .001) at the
follow-up questionnaire.

Given that the exact timing of smoking cessation was not
available for those who reported smoking cessation at follow-
up in the MEC, we assumed that smoking cessation occurred af-
ter IPLC diagnosis for patients who were diagnosed with IPLC

Figure 1. Cohort selection diagram. IPLC ¼ initial primary lung cancer; MEC ¼Multiethnic Cohort; SPLC ¼ second primary lung cancer.
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between baseline and 10-year follow-up (median diagnosis time
8.34 years after baseline) (Supplementary Figure 2, A, available
online). To better account for this chronological sequence of
events, we conducted a sensitivity analysis where we limited

the patients in the primary cohort who were diagnosed with
IPLC between baseline and 10-year follow-up to only those who
were diagnosed within 5 years from baseline; analysis under
this limiting criterion yielded a higher odds ratio (aOR ¼ 7.14,
95% CI ¼ 3.80 to 14.68; P< .001) compared with the odds ratio
found for the primary analysis, consistent with the expectation
that lung cancer diagnosis increases the likelihood of smoking
cessation occurring.

Sensitivity analyses by evaluating a more stringent set of
covariates (Supplementary Table 4, available online), limiting
the duration of time between baseline assessment and IPLC di-
agnosis (Supplementary Table 5, available online), and evaluat-
ing across different subgroups (Supplementary Figure 1,
available online) showed consistent findings on the association
between smoking cessation and IPLC diagnosis.

Smoking Cessation and SPLC Risk

In the primary study cohort of 986 participants who were diag-
nosed with IPLC between 1993 and 2017, 33 participants (3.4%)
developed SPLC after IPLC, and 644 participants died before de-
veloping SPLC (65.3%). The median of the time elapsed between
IPLC and SPLC was 4.34 years (interquartile range ¼ 1.25 and
8.75, respectively) (Supplementary Figure 2, B, available online).

In the cohort of 982 participants used to evaluate the associ-
ation between SPLC risk and smoking cessation, the 10-year and
15-year cumulative risk of SPLC since IPLC diagnosis was 3.8%
(95% CI ¼ 2.3% to 5.4%) and 5.6% (95% CI ¼ 3.3% to 7.9%), respec-
tively. Cause-specific hazards analysis showed that any smok-
ing cessation that occurred after baseline—regardless of

Table 1. Population characteristics stratified by smoking cessation status at 10-year follow-up in the MECa

Variable Overall
No smoking cessation
(ie, current-current)b

Smoking cessation
(ie, current-former)b Pc

Total, No. (%) 986 482 (48.9) 504 (51.1)
Mean age at baseline (SD), y 59.55 (7.23) 58.76 (7.23) 60.29 (7.17) .001
Mean BMI (SD), kg/m2 25.66 (5.00) 26.25 (5.62) 25.09 (4.26) <.001
Male sex, No. (%) 527 (53.4) 259 (49.1) 268 (50.9) .91
Education, No. (%) .87

High school or less 460 (46.7) 221 (48.0) 239 (52.0)
Some college or graduate 423 (43.0) 209 (49.4) 214 (50.6)
Postgraduate 101 (10.3) 51 (50.5) 50 (49.5)

Family history of lung cancer, No. (%) 81 (8.2) 30 (37.0) 51 (63.0) .04
Prior history of cancer, No. (%) 226 (22.9) 108 (47.8) 118 (52.2) .76
Pack-years, mean (SD) 31.50 (16.21) 34.15 (15.83) 28.98 (16.18) <.001
Cigarettes per day, mean (SD) 17.86 (7.84) 19.18 (7.74) 16.61 (7.74) <.001
Race, No. (%) .14

White 236 (23.9) 107 (45.3) 129 (54.7)
African American 231 (23.4) 118 (51.1) 113 (48.9)
Japanese American 232 (23.5) 108 (46.6) 124 (53.4)
Latino 137 (13.9) 69 (50.4) 68 (49.6)
Native Hawaiian 117 (11.9) 68 (58.1) 49 (41.9)
Other 33 (3.3) 12 (36.4) 21 (63.6)

IPLC diagnosis, No. (%) <.001
No 826 (83.6) 445 (54.6) 370 (45.4)
Yesd 160 (16.4) 31 (19.4) 129 (80.6)

aBased on n¼ 986 patients who were 1) active smokers at baseline, 2) had 10-year follow-up information, and 3) were diagnosed with IPLC between 1993 and 2017.

BMI ¼ body mass index; IPLC ¼ initial primary lung cancer; MEC ¼Multiethnic Cohort.
bP value was calculated across smoking cessation stratum using the v2 test for categorical data and the t test for continuous data.
cIPLC diagnosis between baseline (1993-1996) and 10-year follow-up (2003-2008).
dSmoking-related variables were measured at baseline and updated with 10-year follow-up data prior to lung cancer diagnosis. Current-current denotes patients who

were current smokers at baseline and remained as smokers at 10-year follow-up; current-former denotes patients who were current smokers at baseline and quit

smoking sometime between baseline and 10-year follow-up.

Table 2. Multivariate logistic regression analysis for factors associ-
ated with smoking cessation at 10-year follow-up in the MECa

Variable aOR (95% CI) Pb

IPLC diagnosis (%)
No 1.00 (Referent)
Yesc 5.12 (3.38 to 7.98) <.001

BMI (kg/m2) 0.97 (0.95 to 1.00) .07
Age at baseline, y 1.03 (1.01 to 1.05) .003
Pack-years 0.97 (0.96 to 0.98) <.001
Family history of lung cancer, %

No 1.00 (Referent)
Yes 1.77 (1.08 to 2.95) .03

Race (%)
White 1.00 (Referent)
African American 0.60 (0.39 to 0.92) .02
Japanese American 0.89 (0.60 to 1.33) .58
Latino 0.57 (0.35 to 0.92) .02
Native Hawaiian 0.51 (0.31 to 0.84) .009
Other 1.18 (0.52 to 2.75) .70

aBased on n¼ 986 patients who were 1) current smokers at baseline, 2) had 10-

year follow-up information, and 3) were diagnosed with IPLC between 1993 and

2017. aOR ¼ adjusted odds ratio; CI ¼ confidence interval; BMI ¼ body mass in-

dex; IPLC ¼ initial primary lung cancer; MEC ¼Multiethnic Cohort.
bP value was calculated using the 2-sided Wald test.
cIPLC diagnosis between baseline (1993-1996) and 10-year follow-up (2003-2008).
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whether it was before or after IPLC diagnosis—was statistically
significantly associated with a decrease in SPLC risk (hazard ratio
[HR] ¼ 0.31, 95% CI ¼ 0.14 to 0.67; P¼ .003) (Table 3). Advanced
IPLC stage and older age were associated with a lower risk of
SPLC because of the competing risk of death. Complete-case

analysis excluding those with missing IPLC stage information
(n¼ 934) showed consistent results (Supplementary Table 6,
available online). The cumulative incidence of SPLC based on
smoking cessation status is shown in Figure 2, A.

To evaluate the impact of smoking cessation that occurred af-
ter IPLC diagnosis on SPLC risk, we limited the cohort to only
those whose IPLC diagnosis occurred before the 10-year follow-up
(n¼ 156). Analysis under this reduced cohort showed a stronger
association between reduced SPLC risk and smoking cessation af-
ter IPLC diagnosis (HR¼ 0.14, 95% CI ¼ 0.05 to 0.40; P< .001) com-
pared with the primary cohort (Table 4 and Figure 2, B).

Discussion

In this study, we evaluated smoking behavioral changes after
lung cancer diagnosis and the impact of smoking cessation on
SPLC risk using a large, population-based prospective cohort.
We showed that the smoking cessation rate was substantially
higher among those diagnosed with IPLC between baseline and
10-year follow-up compared with those without IPLC diagnosis
during this period. Our analysis also showed that those who
reported smoking cessation at follow-up questionnaire had a
statistically significantly lower risk of SPLC following IPLC diag-
nosis compared with those who continued to smoke.

Table 3. Cause-specific hazard ratios of factors associated with risk
of second primary lung cancer in the primary cohorta,b

Variable aHR (95% CI) Pc

Smoking cessation b,d

No, current-current 1.00 (Referent)
Yes, current-former) 0.31 (0.14 to 0.67) .003

Age at initial diagnosis, y 0.97 (0.93 to 1.02) .27
Stage at initial diagnosis

Early, I-III 1.00 (Referent)
Advanced, IV 0.42 (0.14 to 1.23) .11

aBased on n¼ 982 patients who were 1) current smokers at baseline, 2) had 10-

year follow-up information, and 3) had a SPLC outcome that occurred after their

10-year follow-up. aHR ¼ adjusted hazard ratio; CI ¼ confidence interval.
bBased on 10 completed datasets (n¼982 x 10) by multiple imputation in the

Multiethnic Cohort. Hazards of the associated factors were fitted in each of im-

puted datasets and pooled using Rubin rules.
cP value was calculated using the 2-sided Wald test.
dSurveyed at baseline and 10-year follow-up.

Figure 2. Cumulative risk of second primary lung cancer (SPLC) by smoking cessation status. A) Cumulative risk of SPLC by smoking cessation status based on the pri-

mary cohort for SPLC analysis (n ¼ 982) B) Cumulative risk of SPLC by smoking cessation status based on the restricted cohort (n ¼ 156) of individuals who had initial

primary lung cancer diagnosed before 10-year follow-up. Asterisk denotes number of people who are at risk at each time point. LC ¼ lung cancer
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The impact of smoking cessation has been examined previ-
ously among general populations (4–8) and among patients after
diagnosis of lung cancer (10) and other diseases (24–26). However,
these studies primarily related smoking cessation to mortality or
disease incidence as the study outcome; studies specific for cancer
patients, especially those linking the effect of cancer diagnosis
with smoking cessation, are very limited. One recent study
reported on the statistically significant association between tho-
racic surgery and higher smoking cessation (27), showing the plau-
sibility that a major life event, such as lung cancer diagnosis or
thoracic surgery, might have a considerable impact on smoking
behavioral changes. Another study examined the effect of a pul-
monary finding on subsequent smoking behavioral changes and
found that the more severe the pulmonary abnormality, the
greater the likelihood of smoking cessation (28). However, these
studies did not specifically focus on confirmed lung cancer diag-
noses but instead examined all pulmonary screening results or a
wide range of patients with thoracic comorbidities.

Our analysis confirms previous findings that reported the sta-
tistically significant association between smoking cessation and
other smoking behaviors and sociodemographic factors, includ-
ing race and ethnicity (9,29). In our study, smoking cessation at
10-year follow-up was statistically significantly lower for African
Americans, Latinos, and Native Hawaiians compared with
Whites; these observations indicate the need to tailor smoking
cessation support based on race and ethnicity. Of note, partici-
pants in the MEC with a higher number of smoking pack-years
were less likely to quit smoking. These results concur with previ-
ous general population studies (30,31), which found that heavy
smokers were less likely to change their smoking habits com-
pared with light or intermittent smokers, who were more sensi-
tive to external cues and more likely to change their smoking
patterns because of lower nicotine dependence (32,33).

The Centers for Disease Control and Prevention’s National
Comprehensive Cancer Control Program supports increasing the
knowledge and availability of evidence-based smoking cessation
services (eg, counseling, pharmacotherapy) among cancer survi-
vors (34). Clinical evidence has found that participation in low-
dose computed tomography (LDCT) screening programs can sub-
stantially increase the likelihood of smoking abstinence (35) and
that LDCT screening and smoking cessation together lead to
maximum lung cancer mortality reduction (36). Taken together
with this evidence, our findings emphasize the potential for inte-
grating smoking cessation with screening (37), especially among

lung cancer survivors who have a high risk of developing SPLC.
Smoking cessation coupled with screening may help lower lung
cancer survivors’ risk of developing SPLC, leading to greater re-
duction of lung cancer mortality overall; however, further inves-
tigation is needed to confirm the efficacy of LDCT screening on
mortality reduction among lung cancer survivors.

To our knowledge, this study presents the first effort to exam-
ine the impact of lung cancer diagnosis on smoking cessation and
to investigate the effect of smoking cessation on SPLC risk using a
population-based prospective cohort. The large and racially and
ethnically diverse population evaluated in this study coupled with
the long follow-up time provided comprehensive and structured
smoking data for our analysis. Additionally, our study examined
the effect of smoking cessation by considering temporal smoking
behavior changes and by conducting longitudinal analysis rather
than cross-sectional analysis (ie, comparing current smokers to
former or never smokers at baseline only). Thorough sensitivity
analyses were performed to evaluate the robustness of the find-
ings, which largely showed consistent results.

This study has several limitations. Given that all exposure
data were self-reported, results could be biased by recall bias.
Additionally, the lung cancer cases in MEC have relatively lower
current smoking prevalence (41%) compared with lung cancer
patients from previous studies (42%-83%) (10). However, as this
analysis focused exclusively on current smokers at baseline, dif-
ferential biases based on smoking status were minimized. To as-
sess longitudinal smoking behavior changes, the present study
included only active smokers at baseline who provided smoking
status information at 10-year follow-up, leading to a reduced
sample size and potential selection bias. Furthermore, the exact
timing of smoking cessation was also not available for those who
reported smoking cessation at 10-year follow-up in MEC, which
may have occurred any time between baseline and follow-up.
However, a sensitivity analysis to better account for the chrono-
logical sequence of events (ie, smoking cessation following IPLC
diagnosis) yielded results consistent with the expectation that
lung cancer diagnosis increases the likelihood of smoking cessa-
tion occurring. In addition, our cohort consisted only of lung can-
cer cases, a population subset that may be different from other
active smokers in the MEC who did not go on to develop lung
cancer (ie, our cohort may be inclusive of heavier smokers). If
true, we hypothesize that if the control group derived from our
cohort had consisted of patients who were light smokers, the
odds ratio for smoking cessation would be lower, as patients in
this new control condition would be more likely to quit smoking
compared with those in our current control group (32,33).

To conclude, through analyzing a large and racially diverse
population-based cohort, we find that lung cancer diagnosis
has a statistically significant impact on smoking cessation and
that among lung cancer survivors, smoking cessation after the
diagnosis of IPLC reduces SPLC risk. The present finding sug-
gests the potential for integrating smoking cessation into sur-
veillance and screening programs for SPLC among lung cancer
survivors. A well-integrated smoking cessation program com-
bined with LDCT screening may have a synergistic effect on
SPLC prevention among lung cancer survivors and, thus, may
help reduce the burden of lung cancer mortality overall.
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Table 4. Cause-specific hazard ratios of factors associated with risk
of second primary lung cancer in restricted cohorta,b

Variable aHR (95% CI) Pc

Smoking cessationb,d

No, current-current 1.00 (Referent)
Yes, current-former 0.14 (0.049 to 0.40) <.001

Age at initial diagnosis, y 1.00 (0.93 to 1.08) .97
Stage at initial diagnosis
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Advanced, IV 0.27 (0.03 to 2.10) .21

aBased on n¼156 patients who were 1) diagnosed with initial lung cancer be-

tween baseline and 10-year follow up and 2) had a SPLC outcome that occurred

after 10-year follow-up. aHR ¼ adjusted hazard ratio; CI ¼ confidence interval.
bBased on 10 completed datasets (n¼156 x 10) by multiple imputation in the

MEC. Hazards of the associated factors were fitted in each of imputed datasets

and pooled using Rubin rules.
cP value was calculated using the 2-sided Wald test.
dSurveyed at baseline and 10-year follow-up.
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